Bridging the Gap between NASA Hydrological Data and the Geospatial Community
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Introduction Bridging the Gap (“Digital Divide”)
There is a vast and ever-increasing amount of data on the Earth’s interconnected energy and hydrological | |~ Data Volume: Vast and increasing, NLDAS/GLDAS estimated total around 20 TB Hydrologic information science commonly requires data to be at specific geo-locations, often as time series. In order to
systems, and yet one challenge persists: increasing the usefulness of these data for, and thus their use by, | | > Data Format: NLDAS/GLDAS in GRIB (GRldded Binary), and many others in HDF or NetCDF. retrieve a single point complete time series for one parameter, e.g., a user has to go through the entire data archive, often
geospatial communities. The Hydrology Data and Information Services Center (HDISC), part of the | [ > Data Organization: All variables one time step per file, inefficient for time series retrieving. of volumes in the Terabytes. This is the "Digital Divide," described by Maidment et al. (2010).

Goddard Earth Sciences DISC, has continually worked to better understand the hydrological data needs of . _ . . .
geospatial end users, to thus better able to bridge the gap between NASA data and geospatial Examples of NASA GES DISC efforts in increasing the usefulness of these data for, and thus their use by, the geospatial communities.

communities.

Giovanni: Online Visualization and Analysis Integrate NASA NLDAS precipitation data into BASINS

Hyd ro I oglcal Data at H D I SC NASA Giovanni: GES DISC Interactive Online Visualization ANd ANalysis Infrastructure BASINS: Better Assessment Science Integrating Point & Nonpoint Sources

L _ _ . . . . . - . BASINS, http://water.epa.gov/scitech/datait/models/basins, created by the
» The goal of a land data assimilation system (LDAS): generate optimal fields of land surface states and | | Giovanni (http:/disc.sci.gsfc.nasa.gov/techlab/giovanni/) is a NASA Goddard data analysis = =00 50 257 7 5 0 o0 S0 0 5l s PEreseeen) | < environmental  Protection Agency (EPA). is a multi-purpose
ili ' ' ' and visualization system that provides a simple and intuitive way to visualize, analyze, and - e ) et D . . ! _
fluxes and, thereby, facmtate hydrology ?‘”_d c_llmate modelln_g, research, and forecasting. y pro P _ vay _ y R~ —— m : environmental analysis system that integrates a GIS, national watershed
> NLDAS: North American Land Data Assimilation System (Mitchell et al., 2004) access vast amounts of Earth science remote sensing data, without having to download the osans s ist data imASCll - [ : .
o ! ! . . . z = | data, and state-of-the-art environmental assessment and modeling tools
» GLDAS: Global Land Data Assimilation System (Rodell et al., 2004) data (Acker and Leptoukh, 2007; Berrick et al., 2009). It is an online application that allows | ST M— : ‘ "% = |into one convenient package
. . researchers to rapidly explore data, so that spatial-temporal variability, anomalous — = = - T . . ' .
Table 1. Basic characteristics of the NLDAS and GLDAS products . PILy ~ €xplo SP P . y . G tine D J —r— 3| » In collaboration with BASINS project, NASA HDISC has made the
conditions, and patterns of interest can be directly analyzed online before optional B e s < T — . ST - - - -
. . . . S i : | NLDAS precipitation data available via BASINS interface, thus making
NLDAS GLDAS downloading of data. Giovanni has contributed to many users’ science research efforts and o evoes Qo Does Coras Dosem | . .
: L . . . . 2. L Esemoos O . . Al el e the data spatially searchable and allowing BASINS users access to
Content Water and energy budget data, forcing data applications (http://disc.sci.gsfc.nasa.gov/giovanni/additional/publications). e T g | - - - - L -
Spatial coverage Conterminous US, parts of southern Canada and All land north of 60° South s . omano e single point 30-year time series of hourly NLDAS precipitation data in a
SoataTesolot golrzggm Mexico RECRTTEIE Users can simply select a specific region or location point, one or more parameters, spatial - Crees oeee 1 single request (Fig. 3).
a Ia reSO U |On . . an o . . . . . . . i L, X .| [ Daly Discharge [ Water Quality [] Measurements [ Ground Water = e -
i _ . 5 and temporal ranges, and the visualization function (e.g., latitude-longitude map, time ] select “NLDA e > To enable these capabilities and ensure operational performance, the
Temporal coverage Phase-1: Aug.1, 1996 - Dec. 31, 2007 Version-1 1.0°:Jan. 1, 1979 - present _ o P (S ———————— _
0.25° Feb. 24, 2000 - present series), and get the result in image, ASCII, netCDF, or HDF format. ASCII outputs can be : NLDAS GRIB data were reprocessed (reorganized) by parameter and
Phase-2: Jan. 1, 1979 — present Version-2: Jan. 1, 1948 - present directly input to GIS, Excel, and other software packages for further studies, together A Y spatial subsetting, archived in a way optimized for time series retrieval,
leml?ora' resolution EAOUI';'VI (fgot”th'zisdcofn"c‘jgfsoon) e ;hft%"l'y 3“? mot”tg'y, — e (possibly) with data from other sources. NLDAS hourly, GLDAS 3-hourly, and GLDAS and incorporated into the GrADS Data Server (GDS).
orcing uitiplie data sets aerived rrom satellite ultiplie data Sets aerivea rrom satellite . . . . .
measurements, radar estimation, precipitation measurements and atmospheric analyses monthly data are available via Giovanni NLDAS and GLDAS portals. > Becguse I.\ILDAS covers all of CON.US and Parts of Canada Eind
gauges, and atmospheric analyses Gi {NLDAS Portal : htto:/ladatal.sci.qsf ldaac-bin/G3/aui.cai? d=NLDAS0125 H Mexico, with high temporal and spatial resolutions (hourly 0.125° x
Land surface models Mosaic, NOAH, SAC, VIC CLM, Mosaic, NOAH, VIC lovann ortal : http://gdata.sci.gsfc.nasa.govidaac-bin/G3/qul.ci?instance 1d=! 2 0.125°), the data are in high demand by the hydrological community.
Output format GRIdded Binary (GR'B) Nallomul Asromanios ' - North American Land Data Assimilation System (NLDAS) % _ . . . .
Elevation definition GTOPO 30 GIBYan il 277w sos vernl Bns Y ‘e "N Figure 3. Top: Screen snapshots of BASINS interface, showing availability of
Vegetation definition University of Maryland, 1 km " North American Land Data Assimilation System (NLDAS) | Visustzation Resulte | Downlosd Data  Prodiuct Linsage _scirondgmen ot NLDAS data. Bottom: 30-year time series of NLDAS-2 precipitation, generated
] 0.125 degree Hourly Products NLDAS_FO Q%C!E)%EUE'S%%ZZQPITCT;tlazﬁ:%rtliz%%uéleypztgtlnll [kg/m~2] 8 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 1
Both NLDAS and GLDAS data sets have recently been improved. e e e e e e T e by NASA GDS and accessed via, and graphed by, BASINS.
> With the motivation of creating more climatologically consistent data sets, GLDAS-2 data have Deen| | | e s s o s s o e s N h d I . I d .
generated by using the Princeton meteorological dataset (Sheffield et al, 2006) and upgraded versions off | &> . In teg ra.te NASA y rol0 g ICa a.ta 1N tO CUA HSI H IS
Land Surface Models (LSMs). A -~ - in
> The NLDAS Phase 1 data (1996 — 2007) were added to the GES DISC archives and released to the| || <SS | | | -§ CUAHSI: Consortium of Universities for the Advancement of Hyd’;:;?d:;gg::z:sﬁ:;H:::e:kmp
public, to allow easier comparisons between the two phases of NLDAS. ||| EEESSEEE .. O | | 1 @ » The CUAHSI Hydrologic Information System (HIS), http:/his.cuahsi.org/, is [ (an example)’
Table 2. LSM model versions for GLDAS-1 and GLDAS-2. | o | an internet-based system for sharing hydrologic data. P aporaute, sol mostue) m
L _ - » In collaboration with the Hydrologic Sciences Branch GSFC NASA and TJLELRe=E:
MOdEI ReSOIUtiOn GLDAS-1 GLDAS-2 Remarks (":“’(;:"‘:M e e nerth American Loa:;gat.::rt:eﬁ:ilu;n;::z: RS CUAHSI HIS NASA HDISC haS Inte rated NLDAS Into CUAHSI HIS Al Data served in WaterML Ge@?ﬁgslselrigt%tgtl\lﬁues gg‘ﬂ E:‘:%ﬂ
NOAH 1.0° Version 2.7 Version 2.7.1 Updated model parameters that specify the R ——— Sy — S— L. T _ : _ 9 ) _ _ ' T %Et w:"
initial soil temperature P omsso. oo GLDAS and other NASA hydrological data will be integrated into HIS. o0 0 00| || o :
ONAORNIN. [ oo_!- o et ey 528w Sk R o Eots) To domriaed rruRipls iles 5t nce, Select ihe Senited les (o sy Seckon) By SO, tho , : b . Enddste-tme
CLM 1.0° Version 2.0 Version 3.5 Used MODIS based parameter data sets, e s e T e e e e oo WA wiowns » Work has focused on developlng a Web service that serves NASA : : : : *11: - HydroDesktop
stand alone e ——— - mESEn ————— hydrological data, as time series, and corresponding metadata in WaterML. o o ¢ g6 ||[varibles “
- - — G Protunt A Olwor Dmco [ asc ) ] ] . ] ~d,|; al:]::f';lﬂr:oml:‘rlrtotal .
VIC 1.0° Version 4.4 Energy balance mode Includes all variables e e B LI With the HDISC Web service registered in CUAHSI HIS, the NLDAS, GLDAS, |22 3/° 1 . wmeme ™ 070 ¢
Mosa Lo Water batance maode. ~ , By e R T oS 0202 and other NASA hydrological data could become searchable, retrievable, and | [EEEEEN | ———— | P e
Ca‘ziﬁ';ent s GSFC-LDAS/GLDAS version —— Switched model from Mosaic to Catchment e ey (e § oS oBol analyzable, along with hydrologic data from other sources available via HIS. T vl oty IO < (7
: version IADAS JORIONE 02 s facws  WTHOLOR 0rLOB oo Dimensional Map Piot T : - . Time 3 Value 3 noarest NLDAS
NOAH 0.25° Version 2.7, Snow DA (data Version 2.7.1, Snow DA: Updated model parameters that specify the AT — asomrinie wmioms et ‘ . e P R T [ T This enh_anced data access wil faCI_“tate’ for the broad CUAHSI HIS user ,,,ﬁ,,,,gd:m,wg
assimilation): direct insertion forward-looking initial soil temperature R s . community, the use of NASA hydrological data. “NLOAS (North American Land D Assmiaion System) s colaboraion amens NOAA, NAS3 Princeten Ui,
Tt BT : : : : : &° Figure 4 (above).
More information about GLDAS and NLDAS and model data validation can be found at Land Data Assimilation s s i st st Left: GUI interface for Giovanni NLDAS portal, which D@_..m ' Schematic of NASA
(- Tomporsl> I I I I I I - I @ Click on “Table” tab to list the download data
Systems Web site at http://Idas.gsfc.nasa.gov/nldas/. | SRR g el mil el provides visualization, analysis, and Inter-comparison for — @' jw e w w e -
i 0:// E gov/ L e T 51 . O o 5 ot NLDAS Phase 1 and 2 forcing and model data. @ Ua A W QA+ ® M = b oo 5) s i st hydrological data access
e *‘“f“"  amees ) nght TOp: Average hOUI‘ly pl’eCipita’[ion Of NLDAS'2 m— ,\ Map Tools Onlin.leBasemO:Dno e N i ;?:?EE: Click on “Graph” tab to plot the time series frOm CUAHSI HIS Cllent,
G LD AS a n d N LD AS Data Access (v Primary Forcing for Tropical Storm Lee (Sep. 2 — 9, 2011). s = Emy——— R HydroDesktop.
v - . : ‘ ] ) . EET"‘:’LDABWMZ ) W\ VR B WEEE . 0-10 cm layer 1 Soil moisture content - Kilograms per square meter
@ FemmumE., L The image was generated by NLDAS Giovanni portal at mes A\ = e SEGAOBTOYII0 of North American Land Daty Assimilation System (NLDAS) NAS
_ S ey e GES DISC. Bottom: Giovanni GUI for “Download Data’. L Ee Select “NLDAS” e e || W ¥ T T I
All NLDAS and GLDAS data are accessible from the Table 3. GLDAS and NLDAS data access at e & = o : | .
. . . 1 I 1 . . . & @ rivers 2 iyt g U1 1 =
HDISC NASA (http://disc.sci.gsfc.nasa.gov/hydrology). DttR-//disc.sci.gsfc.nasa.gov/hydrology/data-holdings. Figure 1. Giovanni NLDAS hourly portal and sample results. e o B = Figure 5 (Left)
i . (3 e e ® L e a zer = 25.0 4 + 250 .
To facilitate access to these data by various user Mirador Giovanni R o e : s L] ]

. . y Data Type (Short Name) Description FTP GDS — i Te) nni.- £ "n ge 3'- nDatz mfﬂz; ii.'—;t,:?"'-s’ B 7 N & (21 Most visited @) Getting Started (5] Latest Headines @ hitp:/gdatalsci.gsfe... | http:/fgdev-ts2.sc.gs... » = H e P P oo m BT E 24 5 1 1 245 SCreen SnapShOtS Of the
communities, the HDSIC has implemented several ovgaTon L e WS e e pionEly NLDRS MO30125 0002 product wrvnieys I s - HydroDesktop showing
convenient data access methods. T EECArEIEE North American Land Data Assimilation System (NLDAS) | [ SEf i T ot (it S *° selected NLDAS data
> Mirador searching and downloading (Lynnes et al.,  |[[i0s2012s deores o americs 12 degree Hourly Products ime " sim oo . sl I - -

. . . os romoios noos T oo o [ome] |Resutes ©x ||resuts2 & « |[EETNE) OIS USRI  oxilla Fircfox EBX ! r=> and time series graph.
2009) - Includes keyword searching, hierarchical —[iieeforioienon jfowbemmentoons v @IV Sl v S v 9| v © B e ou:ovzossepaony  30.03z | S BN P PR B . ] Jrap
. ] . . NLDAS FORB0125_H.002 Hourly secondary forcing “( e “( & ‘( 2 ‘( 2 ‘( & Isualization kesults ownload Data ProducilLineage Acknowledgment Policy : EEE Soni fipi:/fgdata l.sci.gsfe. Sep2011.G3.output ixt | & | > 23.0 e 23.0
naVlgatlon based on prOJeCtS and on Science Areas. NLDAS_MOS0125_H.002 Hourly Mosaic v | @ = v @ || ¥ & B Lweariveraged Tme Series :. ZE ”° e @ g @ < — Llla _ % 310t Moy 4oy Datei:lj\fnme SNov 10Nov: - 12-Rov
Provides spatial and parameter subsetting and data [Eea o o P ey S BT P x e —— :
format conversion. http://mirador.gsfc.nasa.gov/ CLORS 0RO M E1002 )3 hourh Nosh eperment | PNV G|V & |V PV 7 g ., 0:002095ep2011 33050 °
. GLDAS MOAHT0_M_E1.002 || Monthly Moah experiment 1 || & 62 || & & || & &= v & || v & o : X 8 '“‘Zig """""" 2}, Lon(-77.5
> GrADS Data Server (GDS) access - Provides |[memion W5 COnCI usions
. . . 2 ; o2 W™ B a2 B
parameter and spatial subsetting. Outputs data in  |[sossnosHozssuse 34 |3 nour tosh veélvE|veE || & /.,w“' \é c:00z038e52031  33.27:
: - - GLDAS_NOAH025_I Monthly Noah vE|vd|vEd |ve& % el M G 0 thi'" ”u o o _ _ o _
bma[)y, ASCII, or d”T‘age: Pelrfgrg% 2”3’ operation that e Y A LR 2011 30 sor [ » The gap, or “Digital Divide,” between NASA hydrological data and the geospatial community is a longstanding one and
cah e expressed I a SiNgie Li7vs expression. e R s AL T e : still to be bridged. The key to bridging this gap is a better understanding of the hydrological data needs of the geospatial
http://hydrol.sci.gsfc.nasa.gov/dods/ GLDAS_CLM10_W Monthiy CLM ve|ve|veE |vE|vE g T han S AL BRIA : SO
> Anonvmous fio downloading - Navigation based on  |E-sesistes s |[5hou uossr e vl ve tof L] AT end users, which is a central focus of the NASA HDISC.
= 3 b L ! s, ¥ . . . .- . . . . .y
y P . J 9 . GLDAS_MOS10_M Monthly Wosaic ve|ve|ve |ve|ve 0 et S ), 3 Both time series plot and ASCIlI outputs were » The avalilability of the GLDAS and NLDAS data sets via NASA Giovanni portals is one approach to facilitate the
model year and date; simple and fast direct data |[coms omoser o |2 nowm o VE|vE| v |veE|ve : i : ) : : .
downloading Ty —— — P EIER P EIE i : | generated by Giovanni NLDAS portal. integration of NASA data by end users.
ftp://hvdrol.sci.gsfc.nasa.gov/data/s4pa/ SLDAS_VIc10_2H 2 houry C ve|ve|ve [ve]ve e » The two ongoing, collaborative efforts between HDISC and EPA BASINS and CUAHSI HIS have already demonstrated
— — — - - : GLDAS_VIC10_M Monthly VIC v 5| v F| ¥ & v & | ¢ & . . . - - . . . . . . . .
> Giovanni visualization and analysis - a Web-based [iss s Figure 2. Time series 01_‘ NLDAS-2 hourly precipitation (primary forcing) and average the potential of user-c_:ustomlzed Web services for (_enhanced access to and use of NASA data, in these two cases, In the
application developed by the GES DISC NASA. LPRU_AISRE_SOILM2 V001 || Hourly glabal v @ Ve |[ve© layer 1 (0-10cm) soil moisture from Mosaic model. form of on-the-fly retrieval of long duration time series for a geographical point.
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